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CATALYTIC SYSTEM AND PROCESS FOR
THE PRODUCTION OF LIGHT OLEFINS
FROM ETHANOL

FIELD OF THE INVENTION

The present invention relates to the field of catalysts for
the production of light olefins, and 1n particular to an ethanol
dehydration system and process using co-catalysts in a
catalytic reaction.

BACKGROUND OF THE INVENTION

Ethene 1s the most important platform molecule for the
petrochemical industry. Its main application consists of the
tabrication of polyethylene, which 1s widely used 1n pack-
aging by the food industry. This polymer 1s also used to
make storage drums, household goods, water, gas and 1rri-
gation pipes, garbage bags, industrial coatings and many
other applications. It 1s also worth mentioning 1ts application
for generating a wide variety of important petrochemical
products and/or itermediate goods such as ethylene oxide,
cthylene glycol, styrene vinyl chloride, acrylate and others.

The production of this olefin 1s handled through routes
that are widely known and used at the industrial level.
Noteworthy among them 1s steam cracking, which may use
a vast range of raw materials such as petrochemical naphtha,
light refinery gases and shale gas.

Rising concerns over sustainability and particularly the
reduction of greenhouse gases have prompted the chemical
industry to seek out renewable raw materials. In this context,
the use of ethanol made from biomass became a particularly
interesting option, due to the widespread production of this
alcohol 1n Brazil and its growth potential through second-
generation ethanol made from lignocellulosic wastes.

Ethene production 1s handled through the ethanol dehy-
dration reaction in the presence of a heterogeneous acid
catalyst. One of the main technical problems 1n this process
1s the generation of some by-products, whose presence in the
system aflects olefin production costs. Acetaldehyde 1s rated
as an unfavorable contaminant, as 1t decomposes under
reaction conditions, generating residues on the catalyst sur-
tace, which leads to 1its deactivation, thus shortening its
uselul lifespan. As a result, catalyst regeneration 1s regularly
required, causing halts 1n the process and additional costs.
The formation of ethane as a by-product 1s also unwanted as,
although 1nert, 1ts presence increases separation costs. There
1s no doubt that lessening acetaldehyde and ethane concen-
trations in the reaction system will result in lower operating,
COsts.

The present mvention 1s focused on the removal of
unwanted by-products. Specifically, the mnvention allows
avoildance or reduction of the secondary formation of acet-
aldehyde and ethane.

U.S. Pat. No. 4,232,179 was the first to describe an
adiabatic process for converting ethanol to ethene using
silica-alumina and alumina catalysts. In the examples given
in this patent, the reaction was mitiated at temperatures
between 390° C. and 470° C. and an 1inert/ethanol ratio
between 2.85 and 7.15 by mass. Example 13 1n this patent
shows a higher conversion using alumina, fed with a mixture
of water and ethanol with a mass ratio of 3:1, inflow
temperature of 470° C. and a final temperature of 360° C.
when leaving the reactor.

Some references—such as CN 104557394 and CN
1023725358 for example—describe methods that optimize
the mode of operation and the configuration of industrial
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2

plants, using power co-generation to lower energy costs.
These references describe the steps 1n the ethene production
route without moditying the catalyst.

U.S. Pat. No. 4,302,357 mentions the operating condi-
tions and the short useful life of the catalyst resulting from
carbon deposits on its surface, as disadvantages of the
cthanol dehydration process. In order to prevent this deac-
tivation that would result from the presence of olefins
formed 1n parallel reactions, according to the authors, the
invention suggests the use of alumina catalysts containing
some specific oxides. Similarly, the most recent document—
CN 102190543—also reports deactivation problems,
although caused by CO, and H, as by-products CO, upgrad-
ing the reaction through the preparation of a new catalyst
containing a metal oxide selected from Groups IA or IIA and
alumina. Those proposals suggest new catalysts for ethanol
dehydration and indicate different by-products as agents
causing catalyst deactivation, making no reference to acet-
aldehyde.

Following this same direction, document CN 101121625
refers to an ethene preparation method through ethanol
dehydration, proposing a reduction in the energy consump-
tion of the reaction through using S10,/Al,O,. Document
CN 102671689 describes an ethene dehydration method for
different ethanol concentrations and a catalyst preparation
model using a catalyst with a USY base enriched with a
transition metal. Document CN 101244971 describes a
method synthesizing bioethanol dehydration in ethene, in
order to make the process cheaper and more eflicient through
a catalyst with a modified zeolite base.

Still regarding the use of a single catalysis system, CN
101439294 and WO 2014171688 were retrieved. The inven-
tion described 1in document CN 101439294 refers to an
cthylene preparation technology through ethanol dehydra-
tion. The main component of the catalyst 1s ZSM-5 with the
addition of one or two elements selected from among
aluminium, magnesium, phosphorus and lanthanum, 1n
order to promote catalytic activity. Document WO
2014171688 describes an ethanol dehydration catalyst for
converting a raw material that comprises anhydrous or
hydrated ethanol in ethylene, wherein the ZSM-5 contains
0.1-0.5% by weight of lanthanum (La) or 0.05 to 1% by
weight of gallium (Ga). It 1s apparent from the state of the
art that these alterations (in both documents) are imntended to
control the acidity of zeolite, as they are generally very
acidic. This characteristic triggers reactions leading to heavy
compounds that deactivate the catalyst, not fostering the
formation of ethene and leading to a dehydration reaction
that extends well beyond the output of the desired product.

Documents CN 101121625, CN 102671689, CN
101244971, CN 101439294 and WO 2014171688 present
catalysts or catalytic systems that may be used 1n the system
proposed 1n this invention; however, they would not prevent
the formation of acetaldehyde, which 1s an unwanted by-
product of the ethanol dehydration reaction.

Document WO 2011002699 describes a process for pre-
paring olefins from aliphatic alcohols, using catalysts that
may contain alumina, silica-alumina and zirconia, among
others. Nevertheless, although mentioning the use of oxides,
this reference addresses the ethanol dehydration reaction in
two steps, using separate reactors forming ethyl ether in the
presence of a dehydration catalyst in the first reactor at a
temperature ol 200° C. to 450° C., and placing it to react in
a second reactor operating at a higher temperature level than
the first reactor, in the presence of a second dehydration
catalyst. The document also reports that this temperature
system helps reduce the formation of by-products, which 1n
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turn lessens the formation of coke, encrustations, and the
need to use large amounts of water, thus lowering energy and
capital costs. However, it may be noted from the state of the
art that using two reactors requires heavier investments and
higher production costs than using just one reactor, which
might 1n turn not be offset through reduced water use.

Current research 1n this field describes new catalysts that
require meticulous preparation. Already costly, the process
requires commercial catalysts such as alumina and silica-
alumina that are already eflicient, although subject to deac-
tivation through the formation of by-products. From this
standpoint, documents CN 104084182 and CN 103121900
describe the development of catalysts with larger pore
volumes, greater surface areas and enhanced hardness than
the usual alumina catalyst used for ethanol dehydration,
through modifications to the preparation process. These
catalysts present greater activity under certain conditions,
with better ethene selectivity and longer usetul lifespans, in
other words, they are more stable than conventional alu-
mina. Furthermore, enhanced hardness 1s very convenient
for use 1n a fluid bed reactor. However, these documents do
not provide clear data on the extension of the useful lives of
the catalysts.

The use of zeolites for ethanol transformation 1s widely
described in the scientific literature. In general, the forma-
tion of ethene, propene and heavy compounds 1s observed.
The latter are precursors of coke, which causes the deacti-
vation process, greatly shortening the useful lives of these
zeolite-based catalysts. By adjusting the operating condi-
tions and acid strength of these materials, 1t 1s possible to
reduce this eflect. However, due to the nature of these
catalysts, this 1ssue must always be present.

From a technological standpoint, current industrial dehy-
dration processes for short-chain alcohols operate reliably
and with good results. Ethene production processes using
fossil-based raw materials are generally fine-tuned, leading
to lower production costs. Without doubt, they establish a
production costs threshold that drives improvements in
processes for obtaining ethene through ethanol.

Although current catalysts are eflicient, they are subject to
limitations, due to the inevitable formation of by-products to
even 1n small quantities. In addition to representing a loss of
part of the green carbon supplied by the alcohol, these
by-products affect catalyst performance, leading to higher
operating costs.

Formed as a by-product during ethanol dehydration using
cthene, acetaldehyde 1s an important dehydration catalyst
deactivation agent. Hydrogen, ethane and other by-products
may also be formed, usually generated from degraded acet-

aldehyde.

C. P. Rodrigues, P. C. Zonett1, C. G. Silva, A. B. Gaspar,
L. G. Appel, Applied Catalysis A: General, Vol. 458, 2013,
111 to 118 do1:10.1016/1.apcata.2013.03.028) and A. F. F. de
Lima, P. C. Zonett1, C. P. Rodrigues, L. G. Appel, available
online on May 26, 2016, Catalysis Today, doi1:10.1016/
1.cattod.2016.04.038, recently showed that certain catalysts
can transform ethanol 1nto acetone in the presence of water.
These authors also ascertained that acetaldehyde 1s one of
the intermediate products 1n this reaction.

The purpose of the present invention 1s to thus provide a
new catalytic process and systems for the production of
olefins through dehydrating alcohols with higher perfor-
mance, avolding and/or reducing the formation of by-prod-
ucts during the reaction, with a high conversion rate and
high selectivity for olefins.

This purpose 1s achieved through this mnvention by means
of a catalytic system comprising at least one catalyst and at
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4

least one co-catalyst, wherein the catalyst causes the dehy-
dration of the alcohol into olefin and the co-catalyst prompts

the oxy-ketonization reaction, i other words, through
adsorption and transformation of generated by-products into
substances that are less harmiul, particularly the uptake and
transformation of acetaldehyde into acetone.

Surprisingly, the addition of a new component (the co-
catalyst) to the catalytic system resulted 1n longer usage time
for the catalyst and an increase 1n 1ts deactivation resistance,
although without lowering the ethene selectivity and ethanol
conversion values; in other words, the addition of a co-
catalyst enhancing the efliciency of the ethanol dehydration
reaction. Moreover, an improvement 1s noted in the dehy-
dration reaction selectivity through the partial removal of an
unwanted by-product that causes undesired reactions when
present 1n the reaction environment; 1ts removal thus leads
to more favorable operating costs.

As there 1s no need for modification to the composition of
the commercial catalysts nor any rearrangement of the plant
operating mode configuration, the process of the present
invention also differs from the documents constituting the
state of the art.

SUMMARY OF THE INVENTION

The present invention relates to a catalytic system for the
preparation of light olefins through the dehydration of
alcohols, comprising at least one catalyst and at least one
co-catalyst, wherein the catalyst 1s selected from among
catalysts for the catalytic dehydration of ethanol and with
the co-catalyst selected from among oxy-ketonization reac-
tion catalysts, wherein the catalyst:co-catalyst mass ratio 1s
within a range of 0.5:0.125 to 2:10, and preferably within a
range of 1:0.25 to 1:5.

With the catalyst selected from the catalysts for the
catalytic ethanol dehydration, namely, oxides, molecular
sieves, zeolites, metal salts, 1on-exchange resins, activated
carbon, a.-boron and WS, and the selected co-catalyst being
an oxy-ketonization reaction catalyst selected from among
simple or mixed oxides, including the different polymorphic
structures of a simple oxide, comprising at least one metal
selected from among transition metals 1n Groups 1B, 2B,
3B, 4B, 5B, 6B and 7B of the Periodic Table, lanthanides
and metals in Groups 3A and 4A, 1t may be selected from the
group that comprises zirconium oxide, yttrium oxide, mixed
lanthanum and zirconium oxide and mixtures thereof.

Another purpose of this invention 1s the catalytic system,
characterized 1n that 1t 1s a physical mixture of the catalyst
and the co-catalyst consisting of pellets of each one of the
components 1n 1solation, or a pellet made from a mixture of
the two components 1n the form of sequential layers or beds,
mixed or not, or 1n the form of powder, wherein the particles
may contain both the catalysts or individual particles of each
one of the components.

Another purpose of this invention 1s the process for the
production of light olefins from ethanol, using an alcohol
flow, hydrated or not, 1n the presence of the catalytic system,
at a temperature varying between 200° C. and 800° C.,
preferably between 360° C. and 470° C., and at a pressure
varying between 1 bar and 60 bar, preferably 1 bar and 20
bar, wherein the hydrated alcohol presents a water:alcohol
mass ratio of between 0.25:1 and up to 5:1, preferably
between 1:1 and 3:1, occurring in a Plug Flow Reactor
(PFR), fixed or fluid bed, batch or Continuous-Stirred Tank
Reactor (CSTR), being adiabatic or not, wherein use of the
catalytic system presents alcohol conversions of at least
9 7%, preterably 99%, and olefins selectivity of at least 97%,




US 11,260,367 B2

S

preferably 99%, and the catalytic system operates continu-
ously without deactivation for a period more than five times
longer than the useful life of the dehydration catalyst when
used alone, in other words, without the co-catalyst.

BRIEF DESCRIPTION OF THE DRAWINGS

In order to illustrate more clearly and objectively the
technical solutions shown 1n the examples of the invention,
a brietf presentation of the appended drawing 1s given, for
one embodiment of the invention.

FIG. 1 shows an ethanol conversion progress over time
for a conventional ethanol dehydration catalyst (y-alumina)
and a catalyst:co-catalyst mixture with ZrO, 1n a proportion
of 1:1, as an example.

DETAILED DESCRIPTION OF TH.
INVENTION

(L]

The present mnvention 1s based on the use of a mixture of
a catalyst dehydrating ethanol into ethene and one co-
catalyst causing oxy-ketonization, in other words, trans-
forming the acetaldehyde formed during the process into
acetone, thus giving rise to a catalytic system and process for
the production of light olefins from ethanol.

The present invention relates to a catalytic system for the
preparation of light olefins from the dehydration of alcohols
comprising at least one catalyst and at least one co-catalyst.
Light olefins are taken to mean olefins containing 2 to 6
carbon atoms, preferably ethene. The catalyst:co-catalyst
mass ratio 1s between 0.5:0.125 to 2:10, preferably within a
range of 1:0.25 to 1:5.

For the dehydration catalyst addressed by this invention,
a catalyst 1s used for the catalytic dehydration of ethanol,
namely, oxides, molecular sieves, zeolites, metal salts, 10n-
exchange resins, activated carbon, a-boron, WS,, alumina
modified by diflerent chemical elements or aluminosilicates.

As a co-catalyst, the use of an oxy-ketonization reaction
catalyst 1s proposed, which may be simple oxides or mixed
oxides, 1n addition to also considering the different poly-
morphic ruptures of a single oxide. For the co-catalyst, 1t 1s
important that it has a high specific area and 1s heat-stable up
to at least 500° C., with basic surface sites.

In a preferred embodiment, the co-catalyst comprises at
least one oxide of a metal selected from among the transition
metals 1 Groups 1B, 2B, 3B, 4B, 3B, 6B and 7B of the
Periodic Table, lanthamides and metals in Groups 3A and 4A.
In a second preferred embodiment of the invention, the
co-catalyst 1s selected from the group that comprises zirco-
nium oxide, yttrium oxide, mixed lanthanum and zircontum
oxide and mixtures thereol. The co-catalyst used 1n this
invention causes the oxy-ketonization reaction, which refers
to the acetaldehyde transformation forming acetone, CO,
and H,.

The catalytic system addressed by this invention may be
prepared through a physical mixture of at least one catalyst
and at least one co-catalyst, which may be in the form of
pellets, either as pellets with each one of the components 1n
isolation, meaning catalyst pellet+co-catalyst pellet, or a
single pellet blending both of them. It may also be 1n the
form of sequential layers or beds, not necessarily mixed.
They may also be used 1n the form of powder, wherein the
particles may contain both the catalysts or individual par-
ticles of each one of the components.

Furthermore, this mvention refers to a process for the
production of light olefins through dehydrating alcohols
using an alcohol flow 1n contact with the catalytic system.
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The dehydration reaction may occur in a reactor at a
temperature varying between 200° C. and 800° C., prefer-

ably between 360° C. and 470° C., and at a pressure varying
between 1 bar and 60 bar, preferably 1 bar and 20 bar.

The alcohol used 1n the process addressed by this mven-
tion may be comprised of 2 to 6 carbon atoms, and may be
hydrated or not. When hydrated alcohol 1s used, the water:
alcohol mass ratio 1s between 0.25:1 and up to 5:1, prefer-
ably between 1:1 and 4:1. The reaction occurs 1n a reactor as
described above, which may be a Plug Flow Reactor (PFR),
fixed or flmd bed, batch or Continuous-Stirred Tank Reactor
(CSTR), being adiabatic or not.

Through using the catalytic system addressed by this
invention, 1t 1s possible to convert alcohols to olefins at 97%

at least and preferably 99%, and with olefin selectivity of at
least 97%, preferably 99%.

EXAMPLES

The following examples are merely illustrative and are
not intended to curtail the scope of the protection sought for
this 1nvention.

Performance tests of the catalytic system (catalyst+co-
catalyst) were run under conditions representing the indus-
trial process as set forth in U.S. Pat. No. 4,232,179 (example
13). An mnflow was used containing a water/ethanol mass
ratio of 3 and a reaction temperature of 470° C. The
laboratory tests were conducted under isothermal condi-
tions, thus keeping the reactor at 470° C. for the entire
duration of the experiment. It 1s appropriate to mention that
there 1s a temperature variation along the reactor for the
adiabatic process, due to the endothermal reaction. In order
to evaluate the performance of the catalytic systems pro-
posed 1n the invention, tests were also conducted under
isothermal conditions at a lower temperature (360° C.).
Finally, 1t 1s noted that the performance of the catalytic
systems proposed in the mvention was compared on the
same laboratory scale with a typical catalyst used for pro-
ducing ethene from ethanol, namely alumina.

The performance of ten different co-catalysts were evalu-
ated, and may be organized into three groups: simple oxides
(ZrO,, T10,, Y,0O; and CeQ,), simple oxide polymorphs
(ZrO, with a monocline crystal structure, m-ZrQO,, and with
a tetragonal crystal structure, t-ZrO,) and mixed/doped
oxides (Y,O,—7r0,, La,0O,—7r0O,, T10,—7r0,, S10,—
/r0, and Ag—CeQO,). Many of these materials are available
commercially, with only Y,O,, CeO, and Ag—CeO, syn-
thesized 1n the laboratory.

In all tests conducted at the higher temperature (470° C.),
cthanol conversion exceeded 97%, with ethene selectivity
between 97% and 99%. When using only the dehydration
catalyst (alumina), the formation of acetaldehyde and ethane
occurred, with selectivities between 1% and 2% and 0.1% to
0.2%, respectively. In contrast, when using the catalyst and
co-catalyst system, acetaldehyde selectivity fell below 0.3%,
with the formation of this aldehyde not even detected in
some examples. Ethane production also dropped, with selec-
tivities between 0.05% and 0.2%.

With the alumina and m-7ZrO, system, tests were con-
ducted with different catalyst:co-catalyst proportions,
namely: 1:0.5, 1:1, 1:2, 1:3 and 1:5. No modifications in
cthanol conversion into ethene were observed for any of
these proportions, with olefin selectivity always exceeding
97%. Acetaldehyde production was consistently low, always
below 0.1%, and not forming at all 1n one example. At any
of the studied proportions, ethene selectivity remained

between 0.05% and 0.2%.
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Long-duration tests lasting 168 hours were conducted
only with the 1:1 catalyst:co-catalyst mixture, with 1ts per-

formance compared to pure alumina (catalyst) over the same
duration. These tests demonstrated the superiority of using
the mixture, as deactivation of the pure catalyst was
observed from approximately 35 hours onwards, while the
catalyst and co-catalyst system remained stable throughout
the 168 hours monitored. It 1s worth pointing out that when
deactivation occurs, a gradual drop 1n alcohol conversion 1s
noted. In the mentioned example, conversion tell from 99%
at the start of the reaction to 90% at the end of 168 hours,
when using only the catalyst. Using the mixture maintained
conversion at 99% {for the entire duration. This result 1ndi-
cates that the catalytic system described 1n this document
can operate continuously without deactivation for a period
more than five times longer than the useful life of the
dehydration catalyst when used alone.

Catalyst deactivation 1s also clear for acetaldehyde pro-
duction, which begins at about 1.5% selectivity, varying by
values of up to 0.8% during the 168 hours using only the
dehydration catalyst. When using the catalyst:co-catalyst
mixture at a 1:1 ratio, the formation of acetaldehyde as a
by-product was not observed throughout this entire period.

In addition to the products already mentioned, the forma-
tion of light products occurs, specifically CO, CO,, H, and
CH_, 1n all cases, whether using only the catalyst or the
catalytic system (catalyst and co-catalyst). However, there 1s
a striking difference i1n acetone production as well when
using the catalyst and co-catalyst mixture. This 1s the
outcome of the oxy-ketonization reaction, transforming the
acetaldehyde on the co-catalyst. Non-existent in known
industrial ethanol dehydration processes using acid cata-
lysts, acetone 1s formed with a selectivity of between 0.2%
and 1%, depending on the type and proportion of co-catalyst
used.

The advantage of removing the acetaldehyde and its
transformation in situ—this conversion occurring in the
dehydration reactor—by the acetone during the process
consists of the chemical advantages of this molecule, as
acetone 1s stable and less reactive under the reaction con-
ditions. Furthermore, 1n terms of economic advantages, it 1s
simple to separate the acetone from the final olefin stream,
with 1ts production also favoring production lines for other
products, as 1t may be repurposed for other industrial uses
(as an important solvent in the polymers and drugs seg-
ments) or for generating chemicals such as 1sopropanol and
propene. Similarly, the concomitant reduction 1n ethane
formation also endows the process with economic advan-
tages through lowering associated separation costs.

For the purposes of analysis, a mass catalyst value interval
of 11.4 to 11.8 mg was used, with a water:ethanol mass ratio
ol 3 for feeding 1nto the process, operating condition at 470°
C. for the reaction and a mass ratio of catalyst:inert matter
(silicon carbide) of 0.0765. Short and long duration tests
were conducted, lasting 14 hours and 168 hours respectively,
the purposes of comparing catalyst deactivation and ethanol
conversion.

Example 1

A gamma alumina type catalyst was combined with an
yttrium oxide (Y,O,) 1 an alumina and oxide proportion of
1:1 and added into a stainless steel 1sothermal fixed bed Plug
Flow Reactor (PFR) with an internal diameter of 0.9 cm. At
atmospheric pressure and a temperature of 470° C., a feeder
inflow of water and ethanol with a mass ratio of 3:1 to 44
ml./min was admitted into the reactor and left to react for a
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total period of 14 hours. When analyzing the effluent, it was
noted that the ethanol conversion 1n this example was 99%
and the selectivity levels for ethene, acetaldehyde and ethane

varied between 97.6 to 98.9%, 0.09 to 0.17% and 0.15 to
0.20%, respectively.

Example 2

A gamma alumina type catalyst was combined with a
zirconium oxide (ZrO,) 1n an alumina and oxide proportion
of 1:3 and added into a stainless steel 1sothermal fixed bed
Plug Flow Reactor (PFR) with an internal diameter of 0.9
cm. At atmospheric pressure and a temperature of 470° C.,
a feeder intlow of water and ethanol with a mass ratio of 3:1
to 44 ml/min was admitted into the reactor and left to react
for a total period of 14 hours. When analyzing the effluent,
it was noted that the ethanol conversion in this example was
99.5% and the selectivity levels for ethene, acetaldehyde and
ethane varied between 97.2% to 98.8%, 0.03% to 0.07% and
0.09% to 0.19%, respectively.

Example 3

A gamma alumina type catalyst was combined with a
mixed lanthanum and zirconium oxide (La—Z7rO,) 1n an
alumina and oxide proportion of 1:1 and added into a
stainless steel 1sothermal fixed bed Plug Flow Reactor (PFR)
with an internal diameter of 0.9 cm. At atmospheric pressure
and a temperature of 470° C., a feeder inflow of water and
cthanol with a mass ratio of 3:1 to 44 mL/min was admatted
into the reactor and left to react for a total period of 14 hours.
When analyzing the effluent, it was noted that the ethanol
conversion 1n this example was 100% and the selectivity
levels for ethene and ethane varied between 98% to 98.9%
and 0.17% to 0.22%, respectively. The formation of acetal-
dehyde was not observed.

Example 4

A gamma alumina type catalyst was combined with a
zircommum oxide with a monocline-type crystal structure
(m-7Z1r0,) 1n an alumina and oxide proportion of 1:1 and
added 1nto a stainless steel 1sothermal fixed bed Plug Flow
Reactor (PFR) with an internal diameter of 0.9 cm. At
atmospheric pressure and a temperature of 470° C., a feeder
inflow of water and ethanol with a mass ratio of 3:1 to 44
ml./min was admitted into the reactor and left to react for a
total period of 168 hours. When analyzing the efiluent, it was
noted that the ethanol conversion in this example was 99.8%
throughout the entire reaction time (168 h) and the selec-
tivity levels for ethene and ethane varied between 98.3% to
99.6% and 0.08% to 0.22%, respectively. There was no
acetaldehyde formation throughout the entire reaction time.

The above-mentioned examples were summarized and
compared as set forth in Table 1 below.

TABLE 1

Example 1 2 3 4
Catalyst v-alu- y-alu- v-alu- y-alu-

mina mina mina mina
Co-catalyst Y,0; 710, La-ZrO,  ZrO5
Proportion cat:co-cat (mass) 1:1 1:3 1:1 1:1
Reaction time (h) 14 14 14 168
Ethanol conversion (%o) 99 99.5 100 99 .8
Selectivity for ethene (%) 97.6to  97.2 to 98 to 98.3 to

98.9 98.8 98.9 99.6
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TABLE 1-continued

Example 1 2 3 4

Selectivity for 0.09to 0.03 to 0 0

acetaldehyde (%) 0.17 0.07

Selectivity for Ethane (%) 0.15to  0.09 to 0.17to  0.08 to
0.20 0.19 0.22 0.22

Selectivity for acetone (%) 0.18to  0.32 to 035to 0.13to
0.55 0.88 0.75 0.70

What 1s claimed 1s:
1. A catalytic system for the preparation of light olefins
from ethanol, which comprises at least one ethanol-dehy-
dration catalyst and at least one acetaldehyde-to-acetone
catalyst,
wherein the ethanol-dehydration catalyst:acetaldehyde-
to-acetone catalyst mass ratio 1s within a range of 1:0.5
to 1:5,

wherein the catalytic system exhibits an ethene selectivity
of at least 97.2%,

wherein the ethanol-dehydration catalyst comprises

gamma alumina,

wherein the acetaldehyde-to-acetone catalyst comprises at

least one of Y,O,, ZrO,, and La-Zr0O,, and

wherein the catalytic system, when present during a

continuous operation ol a preparation of light olefins,
exhibits a reaction conversion of 99%, without deacti-
vation, for a period more than five times longer than a
useful life of the ethanol dehydration catalyst when
used alone.

2. The catalytic system as recited 1in claim 1, wherein the
catalytic system 1s a physical mixture of the ethanol-dehy-
dration catalyst and acetaldehyde-to-acetone catalyst.

3. The catalytic system as recited 1n claim 1, wherein the
catalytic system 1s a physical mixture of the ethanol-dehy-
dration catalyst with the acetaldehyde-to-acetone catalyst
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presented as pellets of each one of the components in
isolation, or a pellet made from a mixture of the two
components laid out in sequential layers or beds, mixed or
not, or in the form of powder, wherein the particles contain
both the ethanol-dehydration catalyst and the acetaldehyde-
to-acetone catalyst or individual particles of each one of the
components.

4. The catalytic system as recited in claim 1, wherein the
cthanol-dehydration catalyst:acetaldehyde-to-acetone cata-
lyst mass ratio 1s within a range of 1:0.5 to 1:3.

5. A process for the production of light olefins from
cthanol, the process comprising contacting the catalytic
system as recited 1n claim 1 with a flow of alcohol, hydrated
or not, 1n a reactor, at a temperature between 200° C. and
800° C. and a pressure between 1 bar and 60 bar.

6. The process as recited 1n claim 5, wherein temperature
variations occur between 360° C. and 470° C.

7. The process as recited in claim 5, wherein pressure
variations occur between 1 bar and 20 bar.

8. The process as recited 1n claim 3, wherein the alcohol
1s a hydrated alcohol having a water:alcohol mass ratio of
between 0.25:1 and 3:1.

9. The process as recited 1n claim 5, wherein the reaction
occurs 1 a Plug Flow Reactor (PFR), fixed or fluid bed,
batch or a Continuous-Stirred Tank Reactor (CSTR), being
adiabatic or not.

10. The process as recited 1n claim 5, wherein the catalytic
system operates continuously, maintaining the reaction con-
version at 99%, without deactivation, for a period more than
five times longer than the useful life of the dehydration
catalyst when used alone.

11. The process as recited 1n claim 5, wherein the hydrated

alcohol has a water:alcohol mass ratio of between 1:1 and
3:1].
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